A total of 121 protein sequences of pectate lyases were subjected to homology search, multiple sequence alignment, phylogenetic tree construction, and motif analysis. The phylogenetic tree constructed revealed different clusters based on different source organisms representing bacterial, fungal, plant, and nematode pectate lyases. The multiple accessions of bacterial, fungal, nematode, and plant pectate lyase protein sequences were placed closely revealing a sequence level similarity. The multiple sequence alignment of these pectate lyase protein sequences from different source organisms showed conserved regions at different stretches with maximum homology from amino acid residues 439-467, 715-816, and 829-910 which could be used for designing degenerate primers or probes specific for pectate lyases. The motif analysis revealed a conserved Pec Lyase C domain uniformly observed in all pectate lyases irrespective of variable sources suggesting its possible role in structural and enzymatic functions.
Introduction
The enzymes hydrolyzing pectic substances ubiquitously present in the plant kingdom forming major components of middle lamella are referred as pectinases. The production, purification, biochemical characterization, and application of pectinases have been extensively reviewed [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The pectinases include polygalacturonases, pectic esterases, pectin lyases, and pectate lyases depending on their mode of action [1] .
Pectate lyase (PL, EC 4.2.2.2) cleaves the α-1,4 glycosidic bonds of polygalacturonic acid via a β-elimination reaction producing unsaturated Δ4, 5 bond at the nonreducing end of the polysaccharide and generates 4,5-unsaturated oligogalacturonates. Pectate lyase is widely distributed in diverse families of microorganisms and plants. The important members of bacterial family include Erwinia carotovora, Bacillus polymyxa, Klebsiella, Yersinia, Cytophaga, Pseudomonas, and Xanthomonas while in fungi Aspergillus, Fusarium, and Penicillium are the most predominant source [9, [11] [12] [13] [14] .
A number of pectate lyase genes have been cloned, sequenced, and expressed from different source organism, namely, bacteria [15] [16] [17] [18] [19] [20] [21] [22] , fungi [23] [24] [25] , yeast [26] , nematode [27] and plants [14, 28] .
The three-dimensional structures of various extracellular pectate lyase have been reported [29] [30] [31] [32] [33] [34] [35] [36] . The pectate lyases, in general, have a parallel β-helix domain formed by parallelstrands folded into a large right-handed helix and a major loop region.
Amino acid sequence homology-based classification of pectate lyases into distinct families suggesting the possible evolution from different lineages has been reported [20, 35, [37] [38] [39] [40] [41] [42] [43] [44] . In silico analysis of pectin lyase protein sequences has been recently reported [45] . This paper reports in silico characterization of pectate lyase protein sequences from different source organisms for homology search, multiple sequence alignment, phylogenetic tree construction, and motif analysis using various bioinformatics tools.
Materials and Methods
A total of 121 protein sequences of pectate lyases of different source organism available in GenBank were downloaded from NCBI (http://www.ncbi.nlm.nih.gov/). The accession numbers of pectate lyases protein sequences along with the source organism are listed in Table 1 .
The program ClustalW [46] was used for multiple sequence alignment. Mega 4 was used for dendrogram construction by Neighbor-Joining (NJ) method [47] . For domain search, the Pfam site (http://www.sanger.ac.uk/software/pfam/search.html) was used. Domain analysis was done using MEME (http://meme.sdsc.edu/meme/meme .html) [48] . The conserved protein motifs deduced by MEME were characterized for biological function analysis using protein BLAST, and domains were studied with Interproscan providing the best possible match based on highest similarity score.
Results and Discussion
A total of 121 pectate lyases sequences from different source organisms subjected to phylogenetic tree construction revealed major clusters of bacterial, fungal, plant, and nematode pectate lyases. The pectate lyase from bacterial source was the predominant comprising of 87 accession numbers. The different accession of bacterial pectate lyase formed three major clusters as shown in Figure 1 . The plant, fungal, and nematode pectate lyases formed separate clusters signifying the sequence-based similarity with reference to different source organisms. The multiple accessions of bacterial, fungal, plant, and nematode pectate lyases were placed closely in the clusters signifying the greater degree of sequence level similarity. Similar phylogenetic tree revealing clustering of pectin lyases protein sequences based on different source organism has been reported [45] .
The multiple sequence alignment of these protein sequences revealed conserved regions at different stretches, namely, from 439-467, 715-816, and 829-918 amino acid residues (Figures 2(a), 2(b), and 2(c) ). This region could be used for designing degenerate primers or probes for PCR-based amplification or hybridization-based detection of pectate lyase sequences from different source organisms.
A total of five motifs labelled as 1, 2, 3, 4, and 5 were observed in only 91 sequences when subjected to MEME. The distribution of these motifs among 92 pectate lyase accession number is shown in Table 2 .
The motifs with width and best possible match amino acid sequences are shown in Table 3 . All these motifs showed similarity with pec lyase C domain which is quite prevalent in pectin lyase sequences as reported earlier [45] . As the mechanism of pectin lyase and pectate lyase is quite similar, it is expected to show similar motifs. The motif 1 of 29 amino acid residues with sequence IAFN-HFGEGLVQRMPRCRHGYFHVVNNDY and motif 4 of 50 amino acid residues with a sequence HNSLSNCHDGLID-AIHGSTAITISNNYMTHHDKVMLLGHSDSYTQDKNMQ were observed in 47 and 39 pectate lyase protein sequences (Table 3) signifying their possible role in the structural and catalytic attributes of pectate lyases.
Further when the motif best possible match amino acid sequence was subjected to BLAST to reveal its identity, it was observed that the motifs 1, 2, 3, and 4 represents Pec Lyase C superfamily while motif 5 represents pectate lyase superfamily. The exact function of these motifs in influencing the catalytic activity of the pectate lyase needs to be investigated.
The in silico characterization of pectate lyases protein sequences from different source organisms has revealed sequence level similarity specific for different groups which could be utilized for designing strategy for cloning the putative genes based on PCR amplification using degenerate primers.
